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The purpose of the present study was to evaluate the difference in BMI pattern between 
patients with persistent new-onset diabetes after transplantation (P-NODAT) and without 
new-onset diabetes after transplantation (N-NODAT) in a retrospective matched case- 
control (1 :3) analysis. Thirty-six patients who developed P-NODAT were identified among 
186 adult renal transplant recipients with no evidence of pretransplant diabetes mellitus 
who underwent kidney transplantation from September 1997 to March 2008 and were 
treated with a triple regimen including tacrolimus. The controls were selected to match the 
patients for pretransplant BMI, age at transplantation ( ± 5yr), and date of transplantation 
(± 12 months). Finally, 20 P-NODAT patients and 60 N-NODAT patients were selected. The 
pre- and posttransplant BMI data were collected every 1 6 weeks for up to 80 weeks. The 
clinical characteristics did not differ between the P-NODAT group and N-NODAT group. 
BMI increased faster in the P-NODAT group than in the N-NODAT group. The mixed-model 
analysis showed that patients with P-NODAT exhibited a faster increase in BMI. P-NODAT 
is associated with posttransplant weight gain. The risk of P-NODAT should be considered in 
patients with rapid weight gain after transplantation. 
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INTRODUCTION 

Pretransplant obesity is a well-known risk factor for posttrans- 
plant outcomes such as patient and graft survival, delayed graft 
function, rejection, and wound complications (1-5). Several re- 
cent studies have shown that significant posttransplant weight 
gain is also a risk factor for patient and graft survival (6-10). Iden- 
tifying patients at high risk of significant posttransplant weight 
gain and using various methods to help control their body wei- 
ght may improve patient and graft survival. The relationship 
between new-onset diabetes after transplantation (NODAT) 
and posttransplant weight gain remains undetermined (10-12). 
However, persistent NODAT (P-NODAT) may be associated 
with posttransplant weight gain. 

To determine whether weight gain after transplantation is as- 



sociated with P-NODAT, we measured the changes in BMI in 
patients with P-NODAT and in those who did not develop dia- 
betes mellitus (N-NODAT). 

MATERIALS AND METHODS 
Study design and population 

This study was a retrospective matched case-control (1:3) study. 
One hundred eighty-six consecutive patients who received a 
kidney transplant at Samsung Medical Center, Seoul, Korea, 
between September 1997 and March 2008 were enrolled. The 
inclusion criteria were: 1) patients who were treated with tacro- 
limus, mycophenolate mofetil, and steroids; 2) patients 18 yr of 
age or older at the time of transplantation; and 3) patients who 
survived with no graft loss for at least 2 yr. The exclusion criteria 
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were: 1) the presence of diabetes mellitus (DM) before trans- 
plantation; and 2) receipt of multiorgan transplantation. Pa- 
tients were classified into three groups: P-NODAT, transient 
NODAT, and N-NODAT. NODAT was defined according to the 
2003 International Consensus Guidelines for NODAT as a fast- 
ing blood glucose level of 126 mg/dL or greater confirmed by 
repeated testing on a different day (13). P-NODAT was defined 
as DM that persisted for the duration of the follow-up period 
(median 150 weeks, range 58-484 weeks); transient-NODAT 
was defined as DM that recovered to normal glucose tolerance 
within 1 yr (median 20 weeks, range 4-32 weeks); N-NODAT 
was defined as the absence of DM during the follow-up period. 
Of the 186 patients, 36 were classified as having P-NODAT, 1 1 as 
having transient NODAT, and 139 as having N-NODAT. 

We focused on the differences in the change in BMI for 2 yr 
after kidney transplantation. We compared the change in BMI 
between patients with P-NODAT and N-NODAT. Twenty of the 
36 patients with P-NODAT and 60 matched patients with N- 
NODAT were included. The matching criteria were baseline 
BMI, age at transplantation (± 5 yr), and date of transplantation 
( ± 12 months). The following clinical characteristics at the time 
of transplantation were recorded: source of the organ (living or 
deceased donor), age and sex of the donor and recipient, pres- 
ence of hepatitis C virus (HCV) antibodies, family history of 
DM, total cholesterol, and triglycerides. The following variables 
were reviewed after transplantation: acute rejection episodes, 
cytomegalovirus (CMV) infection, tacrolimus blood trough lev- 
els for the first 1 yr, total steroid amount administered for the 
first 24 weeks, creatinine at 1 yr, and comorbid conditions in- 
cluding hypertension, cardiovascular disease, cerebrovascular 
disease, malignancy and infection episodes which need hospi- 
talization. Posttransplant BMI was calculated every 16 weeks 
for up to 80 weeks. 

Statistical analysis 

Continuous variables are expressed as mean ± standard devia- 
tion (SD). Categorical variables are described as counts and 
percentages. The chi-square test was used to examine the dif- 
ferences in categorical data and the independent t test and the 
Mann-Whitney U test were used to analyze the differences in 
continuous values between groups. The change in BMI over 
time was analyzed using a linear mixed-effect model. We con- 
sidered the time at which BMI was measured as the repeated- 
measures factor. Because there was a strong tendency for mea- 
surements on the same patient recorded closer in time to be 
more highly associated than measurements made further apart 
in time, a first-order antedependence covariance structure was 
selected. Statistical analysis was performed using SPSS software 
version 18.0 (IBM, NY, USA) and differences at P < 0.05 were 
considered significant. 



Ethics statement 

This study was approved by the institutional review board of 
Samsung Medical Center (SMCIRB 2010-03-020). Informed 
consent was exempted by the board. 

RESULTS 

Clinical characteristics 

The mean age of the study cohort at the time of transplantation 
was 41.3 ± 7.5 yr and 47 (58.8%) were men. The duration of fol- 
low-up was 68.2 ± 29.4 months. The pretransplant BMI was 
23.4 ± 2.5 kg/m 2 . Of the 20 patients with P-NODAT, 13 patients 
were diagnosed with NODAT within 1 yr after kidney transplan- 
tation, and 7 patients were diagnosed after 1 yr of kidney trans- 
plantation. Two patients were treated with insulin, and 16 pa- 
tients received oral hypoglycemic agents. Table 1 presents the 
clinical characteristics of the N-NODAT and P-NODAT groups. 
There were no significant differences in sex, family history of 
DM, HCV infection, donor age, donor type, acute rejection rate, 
CMV infection, total steroid amount administered for 24 weeks 
after kidney transplant, trough levels of tacrolimus at 1, 3, 6 mon- 
ths and 1 yr, total cholesterol, triglycerides, creatinine at 1 yr, 
and hypertension after transplantation. Target trough level of 
tacrolimus in our center is 10- 12 ng/mL for the first month after 
kidney transplantation, 8-10 ng/mL for months 2 and 3, and 5-8 
ng/mL after 3 months. We found 35 comorbid conditions among 
31 patients: 24 events (1 cerebrovascular, 3 malignancy and 20 
infections) in the control group and 11 events (1 cerebrovascu- 
lar, 1 malignancy and 9 infections) in the P-NODAT group. Car- 
diovascular disease did not occur in the study period. There is 
no significant difference in total steroid dose for 6 months and 
tacrolimus level at 1, 3, 6, and 12 months between living and 
deceased donor kidney transplantation. 

Change in BMI 

The mixed-model analysis showed that BMI increased steadily 
over the 80 weeks (P < 0.001, Table 2) and that baseline BMI 
was a significant covariate (P < 0.001). P-NODAT had a signifi- 
cant effect on the increase in BMI over time (P < 0.001). BMI 
increased faster in the P-NODAT group than in the N-NODAT 
group (Fig. 1). BMI did not differ significantly between patients 
with and without acute rejection (P = 0.287); however, the three- 
way interaction of time, P-NODAT, and rejection was significant 
(P = 0.014), indicating that the linear trend over time for BMI in 
the P-NODAT group differed in patients experiencing acute re- 
jection. However, donor age, donor type, sex, family history of 
DM, and total steroid amount administered were not signifi- 
cant covariates (P = 0.081, 0.949, 0.715, 0.125, and 0.925, respec- 
tively). 
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Table 1 . Clinical characteristics 



Parameters 


N-NODAT (n = 60) 


P-NODAT (n = 20) 


P value 


Age (yr) 


41.1 + 7.3 


42.0 + 8.2 




Sex (male %) 


58.0 


60.0 


0.896 


Baseline BMI (kg/m 2 ) 


23.3 + 2.3 


23.7 + 3.1 




Time after transplantation (months) 


68.1 + 29.5 


72.4 + 29.6 


" 


Family history of diabetes (No. %) 


7 (1 1 .7%) 


5 (25.0%) 


0.163 


HCV infection (No. %) 


0 (0%) 


1 (5.0%) 


0.25 


Donor type (number of deceased donors, %) 


10(16.7%) 


8 (40.0%) 


0.06 


Donor age (yr) 


41.1 ± 12.5 


38.3 + 14.7 


0.404 


Acute rejection (No. %) 


12 (20.0%) 


3 (15.0%) 


0.750 


CMV infection (No. %) 


23 (38.3%) 


1 1 (55 0%) 


0.192 


Tntal Qtprnirl fnr R mnnthQ aftpr KT (vnn\ 

IULQI OLCIUIU Ul U IIUMLMo dl LCI l\ I ^IIILj) 


4 313 + 1 097 


4 227 + 1 390 


0.609 


Tacrolimus level (ng/mL) 








1 month 


10.7 ± 3.8 


11.4 + 3.3 


0.43 


3 months 


9.4 + 2.8 


8.7 + 2.8 


0.37 


6 months 


7.9 + 2.5 


7.4 + 1.8 


0.38 


1 yr 


6.8 ± 1.9 


7.4 + 3.1 


0.41 


Total cholesterol (mg/dL) 


163 ± 34 


148 + 36 


0.09 


Triglycerides (mg/dL) 


114 + 73 


130 + 61 


0.37 


Creatinine at 1 yr (mg/dL) 


1.23 ± 0.27 


1.22 + 0.22 


0.89 


Hypertension (No. %) 


33 (55%) 


7 (35%) 


0.12 


Data are expressed as mean + SD or number (%). P-NODAT, persistent new-onset diabetes after transplantation; N-NODAT, non-new onset diabetes after transplantation; BMI, 
body mass index; HCV, hepatitis C virus; CMV, cytomegalovirus; KT, kidney transplantation. 



Table 2. Results of the linear mixed-model analysis 



Source of variation 


F value 


P value 


Baseline BMI 


153.85 


< 0.001 


Time 


14.70 


< 0.001 


Time x P-NODAT 


6.27 


< 0.001 


Time x rejection 


1.26 


0.287 


Time x P-NODAT x rejection 


3.22 


0.014 


P-NODAT 


4.569 


< 0.001 


Rejection 


9.130 


0.001 


P-NODAT x rejection 


0.849 


0.004 



BMI, body mass index; P-NODAT, persistent new-onset diabetes after transplantation. 
DISCUSSION 

Because we had a small longitudinal dataset and wanted to find 
other factors that influence weight gain, a linear mixed effect 
model was chosen as a statistical method (14). This study showed 
that BMI after kidney transplantation increased faster in the P- 
NODAT group than in the N-NODAT group. Although patients 
with higher baseline BMI had higher weight gain regardless who 
developed P-NODAT or not, P-NODAT had a significant effect 
on the increase in BMI over time independently. 

Many previous studies revealed that baseline BMI, age at trans- 
plantation, and date of transplantation were strong risk factors 
for NODAT. Cosio et al. (1 1) showed that older age (RR, 2.2, P < 
0.0001), higher body weight at transplant (RR, 1.4, P < 0.0001), 
and transplant year (RR, 1 .7, P = 0.003) were correlated with the 
development of NODAT by multivariate analysis. We believed 
that one of the reasons for previous negative studies regarding 
the association between weight gain after transplantation and 
P-NODAT was interference of those strong risk factors. To re- 
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Fig. 1. Estimated marginal means for BMI over time analyzed according to the pres- 
ence or absence of P-NODAT (adjusted for baseline BMI of 23.384 kg/m 2 ). Bars rep- 
resent standard errors. 



duce the effect of strong confounding variables in our analysis, 
baseline BMI, age at transplantation, and date of transplanta- 
tion were adopted as matching criteria in this study. Weight gain 
occurs after transplantation in most posttransplant patients. 
The weight gain might reflect the disappearance of uremia, res- 
toration of well-being, lack of physical activity and use of im- 
munosuppressant medications after transplantation (15-17). 
Chang and McDonald (6) showed that a weight gain of > 20% 
in the first posttransplant year was associated with poor surviv- 
al outcomes and that 9% of their study population were in this 
category. They also found that weight loss was a risk factor for 
poor survival outcomes. Therefore, it is important to identify 
patients at high risk for significant weight gain after kidney trans- 
plantation. To our knowledge, only few studies have evaluated 
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the risk factors associated with weight change (6, 9, 18). Chang 
and McDonald (6) demonstrated that age, sex, the presence of 
DM and cardiovascular disease at the start of renal replacement 
therapy, and baseline BMI were associated with significant post- 
transplant weight change. In the present study, baseline BMI 
was a significant covariate for BMI change. After adjusting for 
baseline BMI, the association between P-NODAT and a rapid 
increase in BMI remained significant. Patients with P-NODAT 
take insulin or hypoglycemic agents for a long time, and several 
hypoglycemic agents and insulin have weight gain as a side ef- 
fect (19). Therefore, we considered that P-NODAT was associat- 
ed with posttransplant weight gain. Weight control after trans- 
plantation could prevent the development of P-NODAT, but it 
has not yet been determined how much weight reduction is 
safe and who needs to lose weight. Chang and McDonald (6) 
reported that weight loss more than 5% was also associated 
with higher mortality in year 1 and 2 after kidney transplanta- 
tion. Maintaining stable weight and weight gain less than 20% 
might be safe and helpful to prevent the development of NO- 
DAT. We observed that patients with P-NODAT and acute rejec- 
tion had a faster increase in BMI, whereas the change in BMI 
did not differ between patients with and without acute rejection. 
High-dose steroid treatment for acute rejection may have a syn- 
ergistic influence on the weight gain associated with P-NODAT. 
Although this finding came from the mixed effect model analy- 
sis, only 3 patients were observed. Therefore we cannot con- 
clude that P-NODAT and acute rejection have synergistic effect 
on posttransplant weight gain. Further investigation of the com- 
bined effect of P-NODAT and acute rejection on BMI after trans- 
plantation is required. 

In addition, this study was a retrospective case-control study, 
which might have included selection bias, and the sample size 
was small. Prospective studies and a large number of cases are 
needed. 

In conclusion, P-NODAT as well as baseline BMI is associated 
with posttransplant weight gain. The risk of P-NODAT should be 
considered in patients with rapid weight gain after transplantation. 
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